The transmigration of lymphocytes across vascular endothelium is a critical step for the localization of lymphocytes to lymph nodes in both naive and immune reactive states. Mice deficient in lymphotoxin-alpha (LT-a)lack peripheral and gut associated lymph nodes. Lymphocyte function and homing ability are reported to be normal in these mice yet information regarding cell adhesion molecules and counterpart vascular addressins is lacking. The phenotype of peripheral lymphocytes from LT-a deficient mice was investigated by the use of fluorescent activated cell sorting and immunohistochemistry.
Lymphotoxin-a1pha deficient (mutant) mice are characterized by a lack of secondary lymphoid tissues (de Togni et 01. 1994 , Banks et 01. 1995 . Because lymphocyte homing from blood into lymph nodes and Peyer's patches (PP) is largely determined by interactions between 'homing receptors' expressed on lymphocytes and 'addressins' expressed on vascular endothelial cells, impaired expression of either of these complimentary molecules could contribute to the phenotype of mutant mice. L-selectin is expressed at equivalent levels in mutant mice and their wild-type (w.t.) litter mates (Banks et 01. 19951 . A1y, LT-a, and tumour necrosis factor alpha, Type I receptor Correspondence to: Ila A. Davis, 7541 E. Emory Road, Corryton, TN 37721, USA (TNFRI/p55) deficient mice lack splenic marginal zone staining for the addressin, MAdCAM-1 (Tanaka et 01. 1996 , Mackay et 01. 1997 , Gonzales et 01. 1998 . In W.t. mice, MAdCAM-1 is also expressed on high endothelial venule endothelium of PP and within the gut lamina propria, while a4/h integrin, its counter-receptor, is expressed on activated lymphocytes (Briskin et 01. 1997). The relationship between splenic and gut expressed MAdCAM-1 is unknown. However, the lack of splenic expression of this addressin and the absence of gut associated lymphoid tissues in mutant mice allows speculation that impaired expression of addressins or cell homing molecules may contribute to the mutant phenotype. To test this hypothesis, the phenotypes of splenic lymphocytes from mutant and W.t. mice were examined by fluorescent activated cell Accepted 17 August 1999 scanning (FACS) analysis while tissues were examined by immunohistochemistry.
Materials and methods

Animals
Development and identification of mice rendered genetically deficient in LT-cx has been described previously (Banks et al. 1995) . Mice were terminated for cell and tissue analysis either at 8-10 weeks of age, weighing 22-26 g, or were terminated from breeding at 18 months of age and 32-38g. A total of 8 mutant (5 young and 3 agedl and 7w.t. (4 young and 3 aged) mice of mixed sexes served as subjects for these studies. All mice were housed throughout the study in microisolator cages (Filter-Top cages, Techniplast) and maintained in a barrier facility room. with HEPA-filtered air at 22 ± 2°C, 40-70% humidity, and 10-15 air changes/h at the Walters Life Sciences Building, University of Tennessee, Knoxville. All mice received ad libitum autoclaved food and water. Cages and bedding were sterilized before use and changed twice weekly. Mice were handled in accordance with institutional guidelines under continuous veterinary care.
Sample collection
Spleens were individually removed and prepared for FACS analysis as described elsewhere (Davis & Rouse 1998).
Spleens, livers, lungs, mesentery (containing mesenteric lymph nodes [MLN] in W.t. mice), and all intestinal segments were removed, fixed, and processed for paraffin embedding as previously described (Whiteland et al. 1995) . Serial 6/lm sections were either stained with haematoxylin and eosin following standard techniques or stored at -20°C until immunohistochemistry could be performed.
Cell staining
Fluorescein isothiocyanate (FITC) or phycoerythrin (PE) conjugated rat antibodies against murine CD45R/B220, Thy1.2, and Lselectin (PharMingen, San Diego, California, USA) were incubated with splenocyte populations for one hour at 4°C. Cells were Laboratory Animals (2000) 34 Davis & Rouse washed and fixed as described elsewhere (Davis et al. 1998) . Samples were stained to simultaneously detect the following populations; Thy 1.2 vs B220, L-selectin vs Thy 1.2 and L-selectin vs B220. Samples were analysed using a FACScan flow cytometer and Cell Quest software (Becton Dickinson, Mountain View, California, USA). A minimum of 10000 events were analysed per sample and results expressed as the mean percentage of cells expressing a particular marker for each group.
Immunohistochemistry
Slides with paraffin embedded tissue sections were deparaffinized and rehydrated for immunohistochemical staining following man ufacturer's recommendations IPharmingen, San Diego, California, USA). Staining protocol followed guidelines suggested by Vector (Burlingame, California, USA). Primary antibodies included rat anti-mouse MAdCAM-l, rat anti-mouse L-selectin, rat anti-mouse CD49d (cx4integrin), hamster anti-mouse ICAM-l, rat anti-mouse PECAM-I, rat anti-mouse PNAd, and rat anti-mouse f37' Biotinylated secondary antibodies were applied and followed by an avidin-biotin horseradish peroxidase complex. The substrate for HRP was Vector VIP (Vectorl. Tissue sections were counterstained with methyl green (Vectorl and permanently cover slipped.
Statistics
The significance of differences in cell populations from young and aged mutant or W.t. mice was determined by a 2 x 2 repeated measures analysis of variance using both age and genotype as variables. P values of less than 0.05 were considered significant.
Results
Expression of lymphocyte surface molecules
The expression of L-selectin by w.t. and mutant mice showed only minimal but statistically insignificant differences both between the groups and with age. There was a statistically significant increase (p = 0.037) in the expression of B220 in mutant versus W.t. mice of all ages but no difference was observed in the expression of Thy 1.2 (data not shown).
Expression of vascular addressin and cell homing molecules
No differences in MAdCAM-1, rCAM-1, PNAd, PECAM-1, (1.4fJ7, or fJ7 integiin staining were detected in any tissues from any mice, young or aged, W.t. or mutant. Positive staining for MAdCAM-1 was localized to small and medium-sized venules and small arterioles within the lamina propria of all intestinal segments, MLN (w.t. mice), within mesenteric fat (mutant mice), and along the sinus lining cells of spleens.
Positive staining for PNAd was detected in spleens from both W.t. and mutant mice as well as MLN from W.t. mice.
The expression of PECAM-1 was detected in W.t. MLN and both mutant and W.t. spleens.
(1.4fJ7 was detected as a complex and by separate staining of its integrin components. Monoclonal antibodies allowed detection of positively staining cells within the spleens !(1.4fJ7) and lamina propria (fJ7) of both W.t. and mutant mice. rCAM-1 staining was faint but detectable along the endothelial lining of most small vessels in all intestinal sections and spleens examined from both mutant and W.t. mice (data not shown).
Discussion
Mutant mice have normal to elevated levels of circulating lymphocytes (Banks et al. 1995) yet develop no secondary or gut associated lymphoid tissue. Embryonic recreation of lymph nodes has been demonstrated following over-expression of the missing cytokine (Rennert et al. 1996) and, as these mice age, they develop parenchymatous foci of mononuclear cells which have been described as ectopic lymphoid tissues (Banks et al. 1995 , Alimzhanov et al. 1997 , Davis & Rouse 1998 , Davis et al. 1998 . Although the reconstituting ability of mutant splenocytes has been verified in numerous studies (de Togni et al. 113 1994, Banks et al. 1995 , Mariathasan et al. 1995 , Matsumoto et al. 1996 , Fu et al. 1997 , Matsumoto et al. 1997a ,b, Davis & Rouse 1998 , Davis et al. 1998 , it is still unclear whether the mutant phenotype might involve alterations in the expression of lymphocyte homing and vascular addressin molecules. Consistent with other published reports, we found no statistically significant differences in expression of the studied molecules either by FACS analysis or by immunohistochemistry.
The data presented here suggest that the phenotype of the adult mutant mouse does not include 'impaired lymphocyte migration to lymphoid tissues. Obviously, embryonic events have not been studied here with respect to cell homing events. However, although we found no significant differences in splenocyte phenotypes, a decreased expression of L-selectin was observed as mutant mice aged. Therefore, adult mutant mice may compensate for their lack of secondary lymphoid tissues by maintaining elevated populations of activated lymphocytes which can selectively, and with some degree of organization, emigrate to tissues to form what appear to be functional lymphoid foci. The increased percentage of B220 positive lymphocytes from mutant mice observed in our study may represent an additional compensatory mechanism for the lack of secondary lymphoid tissues.
